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Abstract 

Hauman CHJ, Love RM. Biocompatibility of dental materials 
used in contemporary endodontic therapy: a review. Part 2. Root- 
canal-filling materials. International Endodontic Journal, 36, 147-160, 
2003. 

Root-canal-filling materials are either placed directly 
onto vital periapical tissues or may leach through den- 



Orthograde root-canal-filling materials 

Solid filling materials 

Gutta-percha 

Gutta-percha is the main filling material used in root- 
canal treatment although it only forms about 20% of 
the composition of modern gutta-percha cones. Zinc 
oxide is the main component (60-70%) of the cone and 
provides a major part of the radiopacity. The remaining 
10% is not specified, as it is proprietary information but 
consists of a mixture of resins, waxes and metal sul- 
phates (Spangberg 1999). 

Gutta-percha is considered to have acceptable biocom- 
patibility with a low degree of toxicity, a view based on 
findings in animal studies involving implanted pieces 
of gutta-percha (Spangberg 1969a, Wolfson & Seltzer 
1975). These studies describe the formation of a collage- 
nous capsule around the implants with very little or no 
inflammatory host response. Gutta-percha cones have 
however, been shown to be cytotoxic in in vitro tests. 
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tine. The tissue response to these materials therefore 
becomes important and may influence the outcome 
of endodontic treatment. This paper is a review of 
the biocompatibility of contemporary orthograde and 
retrograde root-canal-filling materials. 
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Spangberg (1969 a) suggested that toxic agents bound 
to water-insoluble substances are responsible for the 
toxicity of gutta-percha cones. These substances are set 
free when gutta-percha is dispersed into small particu- 
late fractions. 

Wolfson & Seltzer (1975) found that with the exception 
of a calcium hydroxide and a chloroform-containing 
product, the toxic effects of natural occurring gutta- 
percha (traus-polyisoprene) are similar to those of com- 
mercial gutta-percha. Munaco et al. (1978) and Pascon 
& Spangberg (1990) regarded the cytotoxic effect of com- 
mercial gutta-percha to be due to the high content of zinc 
oxide. Contrary to this belief, results from the study by 
Sunzel et al. (1997) showed that the addition of zinc 
reduced the toxicity of rosin and resin acid and appeared 
to be cytoprotective. 

Complement activation was applied as a parameter to 
determine the inflammatory potential of four different 
brands of gutta-percha and nine ingredients of one of 
those products (ZnO, Ti0 2 , BaS0 4 ) in vitro (Serene et al. 
1988). Each investigated brand of gutta-percha and all 
individual gutta-percha components stimulated the 
complement system. It was concluded from this data that 
overextension of gutta-percha might contribute to pain 
and periapical inflammation although this has never 
been shown clinically. 
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Holland et al. (1982) investigated the long-term reac- 
tion of rat connective tissue to silver and gutta-percha 
points over a period of 1 year. One brand of gutta-percha 
and the silver points were well tolerated. The other brand 
of gutta-percha points caused pronounced effects with 
thick fibrous capsules and severe chronic inflammation 
of the surrounding connective tissue. This observation 
is in line with the inflammatory potential of gutta- 
percha as shown in the study by Serene et al. (1988). 

In a study by Sjogren et al (1995) the tissue reaction to 
gutta-percha in the form of large, fine and rosin-chloro- 
form-dissolved particles was tested. Large gutta-percha 
particles were well encapsulated and the surrounding 
tissue was free of inflammation. Fine particles and those 
treated by rosin-chloroform evoked an intense, localized 
tissue response, characterized by the presence of macro- 
phages and multinucleated giant cells. The authors con- 
cluded that the size and surface character of gutta- 
percha determine the tissue reaction to the material. 

Calcium hydroxide-containing gutta-percha points 
and their efficacy comparable with calcium hydroxide 
pastes have been demonstrated (Holland et al. 1996). In 
an in vitro study by Podbielski etal. (2000) calcium hydro- 
xide containing gutta-percha points demonstrated good 
inhibitory action on the bacterial growth of three of the 
four test organisms. Iodoform gutta-percha cones, intro- 
duced by Martin & Martin (1999) had a negligible 
effect on Enterococcusfaecalis, but demonstrated a signifi- 
cant inhibitory effect on Streptococcus sanguis (Silver 
etal 2000). 

Warm gutta-percha techniques impose the additional 
complication of heat generated during obturation which 
may have a deleterious effect on the periodontium. A 
temperature rise of 10 °C above normal body tempera- 
ture is regarded as a critical level at which irreversible 
damage to periodontal tissues can occur (Gutmann 
et al. 1987, Saunders 1990). Studies have shown that the 
temperature hardly ever exceeded an increase of 10 °C 
at the external root surface during themoplasticized 
gutta-percha obturation techniques (Gutmann et al. 
1987, Silver et al. 1999, Sweatman et al. 2001) and as such 
should not pose a problem. 

Obturation with gutta-percha requires the use of seal- 
ing cement and although gutta-percha has been shown 
to be cytotoxic, the sealers are normally the most toxic 
element of the filling. 

Sealers and cements 

Zinc oxide-eugenol sealers 

These sealers are simply zinc oxide-eugenol (ZnOE) 
cements modified for endodontic use. The liquid for these 



materials is eugenol whilst the powder contains finely 
sifted ZnO to enhance the flow of the cement. In a study 
by Serene et al. (1988), it was found that ZnOE sealers acti- 
vated the complement system and thus an inflammatory 
reaction. Additionally, Guigand et al. (1999) found these 
sealers to be severely cytotoxic in fibroblast cultures. 
These properties are mainly attributed to the eugenol 
component. However, ZnOE sealers easily lend them- 
selves to the addition of chemicals, which may contribute 
to its cytotoxicity. Rosin or Canada balsam is added for 
greater dentine adhesion, paraformaldehyde for antimi- 
crobial and mummifying effects, germicides for anti- 
septic action and corticosteroids for suppression of 
inflammation. 

Rosins are derived from a variety of conifers and are 
composed of approximately 90% resin acids. The remain- 
ing parts are volatile and non-volatile compounds such 
as terpene alcohol, aldehydes and hydrocarbons. The 
carbon group of resin acids is lipophilic, affecting the 
lipids in cell membranes and increasing the cell mem- 
brane permeability. The resin acids are both antimicro- 
bial and cytotoxic (Soderberg 1990). 

Zinc oxide is effective as an antimicrobial agent (Sun- 
zel etal. 1990) and has been shown to provide cytoprotec- 
tion to tissue cells. Interactive toxic effects between 
zinc and rosin or resin acid was investigated using 
human polymorphonuclear leucocytes and gingival 
fibroblasts. Rosin and resin acids were highly cytotoxic 
depending on the concentration. The addition of zinc 
clearly reduced rosin and resin acid toxicity proportion- 
ally with increasing zinc concentration (Sunzel et al. 
1997). 

Non-specific histocompatibility tests showed that 
eugenol-based sealers elicited a pronounced tissue irrita- 
tion (Kolokuris et al. 1998 a, Gulati et al. 1991). Two ZnOE 
sealers (Sealite; Pierre Rolland Co., Merignac, France), 
Kerr Pulp Canal Sealer (Kerr, Romulus, MI, USA) were, 
however, rated biocompatible, based on histologic 
response, when implanted into the mandibular bone of 
rabbits (Pertot et al. 1992). Kolokuris et al. (1998a) found 
that subcutaneous injection of a ZnOE sealer (Roth 811 
(Roth Drug Co., Chicago, IL)) into rats affected the nor- 
mal concentrations of Zn, Ca & Cu in various organs, 
e.g. heart, brain, liver and kidney. These results suggest 
that ZnOE sealers may release considerable amounts of 
these compounds, which are then deposited in vital 
organs. 

A comparative study on the effects of one calcium 
phosphate cement (CPC) and two ZnOE sealers was per- 
formed with intentional overfilling in monkeys over a 
6-month period. The CPC caused only mild inflamma- 
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tory periapical reactions in the initial study period 
whereas both ZnOE sealers (Grossman's sealer; Phar- 
macy, Glasgow, Royal Infirmary, UK) and N2 (Indrag- 
Agsa, Losone, Switzerland) were severely irritating over 
the full 6-month duration (Hong et al. 1991). Despite the 
antimicrobial effect of rosin and zinc oxide on facultative 
bacteria, zinc-releasing materials such as gutta-percha 
and ZnOE sealers, especially those releasing paraformal- 
dehyde, have been associated with maxillary sinus 
aspergillosis (Beck-Mannagetta&Necekl986,Kobayashi 
1995, Odell & Pertl 1995). It was hypothesized that paraf- 
ormaldehyde penetrates the sinus through overfilled 
sealer and may cause tissue irritation and local necrosis 
of the sinus mucosa. Subsequently, zinc oxide is released 
from the sealer, which may then promote growth of 
inhaled Aspergillus conidia (Beck-Mannagetta & Necek 
1986). 

The setting of zinc oxide-eugenol cements [such as 
Rickert's sealer (Kerr, Romulus, MI, USA), U/P-Gross- 
man's sealer (Pharmacy, Glasgow, Royal Infirmary, UK), 
Tubli-seal (Kerr, Romulus, MI, USA)] is a chemical pro- 
cess combined with physical embedding of zinc oxide 
in a matrix of zinc eugenolate. Analyses of the release 
of eugenol from set ZnOE cement showed that the oil is 
available only as the result of surface hydrolysis of the 
chelate (Wilson & Batchelor 1970. Becker et al. 1983, 
Hume 1984). Samples of ZnOE placed into saline showed 
an immediate release of eugenol from the ZnOE surface 
with the highest rate of release in the first seconds after 
contact, the release rate declined exponentially there- 
after. In contrast, the release rate through intervening 
dentine was found to be entirely different. The release 
of eugenol was found to be much slower and could only 
be detected after several hours, it peaked after about a 
day and then declined slowly over several weeks. A sus- 
tained release occurred with the establishment of a rela- 
tively stable concentration gradient across the dentine 
which persisted for several months (Hume 1988). On 
the basis of data on this concentration gradient, Hume 
(1988) predicted the various pharmacological and toxi- 
cological actions of eugenol. In the dentine immediately 
beneath the ZnOE, the concentration of eugenol is suffi- 
cient to inhibit bacterial metabolism whilst the concen- 
tration in more remote dentine would be below the 
threshold for killing mammalian cells but at a sufficient 
level to exhibit pharmacological properties for which eu- 
genol is renowned such as inhibition of nerve action 
potential (Brodin & Orstavik 1983) and prostaglandin 
synthesis (Dewhirst 1980). If ZnOE contacts wetter 
tissue the release is more rapid, leading to the develop- 
ment of concentrations sufficient to kill cells. This 



explains the toxic effects of ZnOE when applied to wet tis- 
sues or to cells in culture. 

The toxic potency of eugenol has been demonstrated 
by Araki et al. (1993a, 1994) who found that the sealer, 
Canals (Syowa Yakuhin Kako Ltd., Tokyo, Japan), with 
eugenol as the liquid component was significantly more 
cytotoxic in permanent L929 cells and primary human 
periodontal ligament fibroblasts than the material, 
Canals-N (Syowa Yakuhin Kako Ltd., Tokyo, Japan), with 
an identical powder as Canals but with fatty acids repla- 
cing eugenol as the liquid component. Similarly, it has 
been shown that the eugenol component of a sealer 
was highly cytotoxic to primary human periodontal liga- 
ment fibroblasts whereas the other sealer ingredients 
Ti0 2 , ZnO and BaS0 4 caused only slight toxic effects 
(Klaiber et al. 1981). The effect of eugenol on the adher- 
ence of immunocompetent cells to substrate was studied 
with peritoneal macrophages from Wistar rats. Even 
high dilutions (1 : 1000) of this phenol derivative signifi- 
cantly reduced the adhesion of macrophages. Thus, 
eugenol could inhibit macrophage function and may 
influence inflammatory reactions in the periapical tis- 
sues (Segura & Jmenez-Rubio 1998). The pronounced 
antibacterial effect of the ZnOE sealer is very likely due 
to eugenol (Al-Khatib et al. 1990, Mickel & Wright 1999). 
For a long time, it has been common to mix formaldehyde 
into some endodontic sealers (Endomethasone (Septo- 
dont, Saint-Maur, France) and N2 (Indrag-Agsa, Losone, 
Switzerland)). Formaldehyde adds to the already toxic 
effect of eugenol and prevents or inhibits healing. 

Calcium hydroxide-containing sealers 
Several sealers, e.g. Sealapex (Kerr, Romulus, MI, USA), 
CRCS (Hygenic, Akron, USA) and Apexit (Vivadent 
Schaan, Liechtenstein) have been marketed which claim 
the benefits of the biological effects of added Ca(0H) 2 . 
In order to be therapeutically effective, calcium hydro- 
xide must be dissociated into Ca 2+ and OH~ions. There- 
fore, to be therapeutic an endodontic sealer based on 
calcium hydroxide must release these ions which may 
affect the structural integrity of the sealer and compro- 
mise the long-term seal. 

In a study of diffusion of hydroxyl ions into surround- 
ing dentine after root filling with Sealapex and Apexit, 
no traces were found in teeth filled with Apexit. Some 
hydroxyl ions could be detected in the dentine close to 
the root filling with Sealapex (Staehle et al. 1995). In a 
similar study of calcium and hydroxyl ion release from 
Sealapex and CRCS, negligible release was noted from 
CRCS, whilst Sealapex released more ions but disinte- 
grated in the process (Tagger et al. 1988). Ifi vivo studies 
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have demonstrated that Sealapex and CRCS easily 
disintegrate in the tissue (Soares et al. 1990), and 
both may cause chronic inflammation (Tronstad et al. 
1988). 

Calcium hydroxide sealers are generally character- 
ized as having good cytocompatibility (Feiglin 1987, 
Beltes et al. 1995, Economides et al. 1995, Vajrabhaya & 
Sithisan 1997, Vajrabhaya et al. 1997, Geurtsen et al. 
1998, Osorio et al. 1998, Telli et al. 1999, Ersev et al. 
1999). However, unsatisfactory results were found with 
CRCS in several studies (Tronstad et al. 1988, Yesilsoy 
et al. 1988, Boiesen & Brodin 1991, Bezerra et al. 1997). 
CRCS is considered a standard ZnOE sealer by various 
authors though it also contains Ca(OH) 2 . The Ca(OH) 2 - 
containing sealer Apexit showed no mutagenic potential 
in a study by Schweikl & Schmalz (1991). 

Nonspecific histocompatibility tests on calcium 
hydroxide-based sealers were variable after subcuta- 
neous implantation or intraperitoneal injection in mice. 
Inflammation and tissue necrosis were especially promi- 
nent during the initial period after application. 

Neurotoxic effects were investigated with isolated 
nerves in vitro. Rat phrenic nerves were treated for 1.5- 
30 min with two calcium hydroxide-containing sealers, 
CRCS and Sealapex. Short-term contact resulted in a 
reversible inhibition of the nerves whereas neural con- 
duction was irreversibly inhibited after 30 min by both 
sealers (Boiesen & Brodin 1991). 

Specific histocompatibility was tested in dog root 
canals to compare the periapical reaction to four 
Ca(0H) 2 -containing sealers (Leonardo et al. 1997). After 
6 months, no inflammatory lesions and complete seal- 
ing of the apical region of the root canals were found with 
Sealapex. However, incomplete sealing of the filled 
canals and periapical inflammation were identified 
when CRCS, Apexit or Sealer 26 (Dentsply, Petropolis, 
RJ, Brazil) were used. The inflammatory reactions were 
related to an incomplete adaptation of the root-canal fill- 
ings (Leonardo et al. 1997). These results indicate that 
an incomplete adaptation may increase in vivo degrada- 
tion of the seafer with subsequent periapical irritation 
due to elevated quantities of refeased substances, or it 
may favour microbial leakage contributing to periapical 
inflammation. 

Finally, calcium hydroxide and Sealapex impaired the 
status of the periapicaf tissue when the materials were 
extruded through the apex. No adverse effects were 
found with root fillings terminating at the anatomical 
foramen. These observations suggest that mechanical 
stimuli of the periapical tissue may influence the com- 
patibility of a root-canal filling in vivo (Sonat et al. 1990). 



Formaldehyde-containing sealers 

A large group of sealer/cements, including the com- 
monly used Endomethasone (Deproco UK Ltd., Surrey, 
UK), Riebler's paste (Amubarut; Wera Karl, Biesingen, 
Germany) and N2 (Indrag-Agsa, Losone, Switzerland) 
contain substantial amounts of paraformafdehyde. Of 
these, N2 has been most studied. The contents of N2 
are not much different from other paraformaldehyde- 
containing sealers as far as toxicity is concerned and it 
is basically a zinc oxide-eugenol sealer, the exact com- 
position of which has changed over the years. Thus, 
the significant lead oxide content (England et al. 1980), 
as well as the smaller amounts of organic mercury that 
were formerly majorcomponents of N2 are oftenmissing 
from modern formulations although it still contains 
large amounts (4-8% v/v) of formafdehyde. It foses sub- 
stantial volume when exposed to fluid (Grossman 1978) 
with this volume loss being exacerbated when it also 
contains hydrocortisone (e.g. Endomethasone; Septo- 
dont, St Maur, France). N2 seals well when used with a 
core (Brown e tal. 1979). It has been found to be very toxic, 
both in vitro (Spangberg & Langeland 1973) and in vivo 
(Spangberg 1969a, 1974). Coagulation necrosis is nor- 
mally observed within a very short time period and 
reaches a maximum in less than 3 days. Since the tissue 
is impregnated with formafdehyde, repair of the necrosis 
is a slow process, often taking months to occur. In time, 
the formafdehyde is flushed from the necrotic tissue 
(Block et al. 1980, Araki et al. 1993b), followed by either 
bacterial invasion or, if the bfood supply to the tissue is 
still adequate, repair (Spangberg 1969a, 1974). In clinical 
setting, this untoward tissue reaction can be seen as 
localized inflammatory reactions in the periapical tissue 
(Engstrom & Spangberg 1969b). 

Cases of hypersensitivity reactions, presumably as a 
result of systemic exposure to formaldehyde, have been 
reported following root-canal treatment (Forman & 
Ord 1986, Fehr et al. 1992). In addition to its cytotoxic 
properties, formaldehyde is known to be both mutagenic 
(Goldmacher & Thilly 1983) as well as carcinogenic 
(Swenberg et al. 1980), though these effects have not been 
attributed to formaldehyde release from endodontic 
materials (Lewis & Chestner 1981). Some epoxy resin sea- 
lers have been reported to release formaldehyde when 
freshly prepared and during setting (Koch 1999) and 
these will be discussed under resin sealers. 

Chloroform-based sealers 

Chloroform-based sealers such as rosin-chloroform 
(Callahan 1914), Chloropercha (TanracLtd., Gavle, Swe- 
den), Kloropercha (Svenska AB, Stockholm, Sweden) 
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and Kloroperka N-0 (Union Broach Corp., Long Island 
City, NY, USA) are common. Chloropercha consists of 
white gutta-percha and chloroform and derives its toxi- 
city from the chloroform component. Rosin chloroform 
contains 5-8% of various rosins that are toxic. Thus, 
after the evaporation/absorption of chloroform, the resin 
continues to be irritating (Spangberg & Langeland 
1973, Sjogren et al 1995). Kloroperka N-0 powder con- 
tains approximately 20% white gutta-percha and 50% 
zinc oxide. The remaining components are Canada bal- 
sam and rosins which may act as irritants after the loss 
of the chloroform. However, the combination with zinc 
oxide should provide a significant level of cytoprotection 
in clinical use (Soderberg 1990). 

The general use of chloroform has been substantially 
curtailed in recent years due to concerns about its toxi- 
city, however, the amount normally used in endodontics 
is insignificant and poses no health hazard. Neverthe- 
less, it is important to reduce the vaporization during 
use because chloroform is highly volatile. When used 
for softening of gutta-percha during the removal of old 
root-canal fillings or for the chloroform dip root-canal- 
filling technique the chloroform should be dispensed 
through a syringe and hypodermic needle (Donelly 

1993) . For other uses the exposure time, amount used 
and chloroform surface exposed should be minimized. 

Halothane and turpentine may be used as chloroform 
substitutes. Halothane is less effective than chloroform 
in softening gutta-percha, is hepatotoxic like chloroform 
and has a higher local toxicity than chloroform. Turpen- 
tine is not carcinogenic but may cause allergies, it has 
high local toxicity and dissolves gutta-percha poorly. 
Several other chloroform substitutes have been 
described for use in endodontic treatment procedures 
(Uemura et al. 1997, Hansen 1998). However, with careful 
workplace hygiene there is little risk associated with 
the use of chloroform in endodontics (Barbosa et al. 

1994) . 

Polymers 

Most of the newer sealers on the market are polymers. 
They include epoxy resin sealers, e.g. AH26 and AH Plus 
(DeTrey Dentsply Konstanz, Germany), methacrylate- 
based sealers, e.g. polyhydroxy-ethylmethacrylate 
(Hydron, NPD Dental Systems Inc. , New Brunswick, NJ, 
USA), polyvinyl-based sealers (Diaket-A, ESPE-Premier, 
Norristown, PA, USA) and polydimethylsiloxane (Roeko- 
Seal, Langenau, Germany). Like most sealers AH26 
(DeTrey Dentsply) is very toxic when freshly prepared 
(Spangberg 1969b, Pascon et al 1991). The toxicity of 
AH26 sealer is attributed to the release of a very small 



amount of formaldehyde as a result of the chemical set- 
ting process. This amount of brief release of formalde- 
hyde, however, is thousands times lower than the long- 
term release from conventional formaldehyde-contain- 
ing sealers such as N2 (Spangberg et al. 1993) but signifi- 
cantly higher than the amount released by AH Plus 
(Spangberg et al 1993, Cohen et al 1998, Leonardo et al 
1999a). 

AH26 contains a catalyst/disinfective agent, hexam- 
ethylenetetramine (methenamine), which is hydrolysed 
to ammonia and formaldehyde. It is a very hydrophilic 
material and formaldehyde is processed only by hydroly- 
tic cleavage of hexamethylenetetramine (methena- 
mine). The surface of the freshly mixed material in 
contact with water apparently determines the amount 
of formaldehyde released (Koch 1999). Koch (1999) stu- 
died the formaldehyde release from three different root- 
canal sealers (AH26. Amubarut a phenol resin, and 
N2), and demonstrated that all materials showed the 
highest release of formaldehyde in the freshly mixed 
samples. The release of formaldehyde decreased after set- 
ting for 48 h. No further decrease was seen after storage 
for 2 weeks in the case of N2, whilst AH26 released only 
insignificant amounts after 2 weeks. 

After the initial setting, AH26 exerts little toxic effect 
in vitro and in vivo (Bergdahl et al. 1974, Wennberg et al 
1974, Pascon & Spangberg 1990). Azar et al. (2000) 
demonstrated early cytotoxic effects of AH26 on fibro- 
blasts lasting for 1 week followed by a substantial reduc- 
tion in cytotoxicity. The cytotoxicity of AH Plus was 
confined to the early period of the experiment and was 
no longer detectable after 4 h after mixing. AH26 and 
AH Plus have been rated as highly, moderately or slightly 
toxic in various studies involving different tests (Klaiber 
et al 1981, Meryon & Brook 1990, Vajrabhaya et al. 1997, 
Geurtsen et al 1998, Koulaouzidou et al 1998,Telli et al 
1999, Cohen et al. 2000). AH Plus exhibited a lower cyto- 
toxicity potential compared to AH26 in the study by 
Huang etal. (2002). 

Schweikletfl/. (1995) studied the genotoxicityof AH26 
and its components using the V79/hprt mammalian cell 
mutation assay. Unset sealer was clearly genotoxic, how- 
ever, the mutation frequency decreased proportionally 
to increased setting time. Both AH26 and AH Plus 
caused a dose-dependent increase in genotoxicity in 
the study by Huang etal. 2002). AH26 liquid was also dis- 
tinctly mutagenic. It was concluded that two mutagenic 
ingredients - bisphenol-A-diglycidyl-ether and formal- 
dehyde - were the causative agents. Silver-free AH26 
revealed a weak positive mutagenic response to the Ames 
test (Ersev et al. 1999). Other investigators found AH26 
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to be mutagenic up to 1 month after setting (Stea et al. 
1994, Heil et al. 1996, Jukic et al. 2000). It was speculated 
that this 'long-term' genotoxic action was due to a deriva- 
tive of bisphenol-A-diglycidyl-ether. Contradictory data 
have been reported about the mutagenic potential of 
AH Plus in the unset and set condition. A comprehensive 
screening using four in vitro and in vivo assays (umu, 
Ames, DIT, AFE) yielded no indication that this sealer 
may cause mutagenicity in the set condition (Leyhausen 
et al. 1999). However, using the Ames test, a weak muta- 
genic activity was found in the unset condition and up 
to 1 day after mixing (Schweikl et al. 1998, Jukic et al. 
2000). 

In a long-term specific histocompatibility study in 
baboons by Pascon et al. (1991), AH26 caused severe peri- 
apical inflammation after 1-7 days. After periods of 2- 
3 years, however, AH26 was found to cause only slight 
irritation. An in vivo study in dogs' premolars (Leonardo 
et al. 1999b) demonstrated hard tissue formation apically 
to the AH Plus in 14 of the 16 roots analysed. Inflamma- 
tory cells or areas of necrosis were not associated with 
AH Plus. AH26 was found to be markedly antimicrobial 
particularly against Porphyromonas endodontalis, an 
effect that was ascribed to the formaldehyde release 
during the initial period after mixing (Spangberg et al. 
1993). 

Diaket is a polyketone compound containing vinyl 
polymers mixed with zinc oxide and bismuth phos- 
phate (Schmitt 1951). In the studies by Spangberg 
(1969a,b,c,d) it was found highly toxic in vitro, causing 
extensive tissue necrosis and long-lasting irritation. Ols- 
son et al. (1981a,b) have shown data suggesting mild tis- 
sue reactions after longer periods of time and Olsson & 
Wennberg (1985) suggested marked reduction in tissue 
irritating effect after 2 weeks. Results from the study 
by 0rstavik & Mjor (1988) also showed Diaket to have a 
favourable biocompatibility especially in comparison to 
the other tested sealers. Diaket showed no mutagenic 
potential in the study by Schweikl & Schmalz (1991). 
Biocompatibility has been assessed when the material 
was embedded in bone. Nencka et al. (1995) implanted 
Diaket into the tibia of rats and observed that it caused 
a severe inflammatory reaction at 3 days, with a gra- 
dual decrease in intensity until no reaction was seen at 
180 days. These results suggest that Diaket has accepta- 
ble biocompatibility. 

Glass ionomer sealers 

Glass ionomer cements have been introduced as endo- 
dontic sealers (e.g. Ketac-Endo, ESPE GMBH & Co., KG, 
Seefeld/Oberbay, Germany), as root-end-filling materials 



(Zetterqvist et al. 1991, Jesslen et al. 1995) and as a perfora- 
tion repair material (Alhadainy & Himel 1993). 

Ketac-Endo (ESPE GMBH & Co.), a glass ionomer 
cement modified for endodontic use, is known to cause 
minor tissue irritation (Zetterqvist et al. 1987, Zetterqvist 
et al. 1988) and low toxicity in vitro (Pissiotis et al. 1991). 
Kolokuris et al. 1996) implanted Ketac-Endo in Teflon 
tubes into the subcutaneous tissue of Wistar-Furth rats. 
A mild inflammatory reaction was seen after 5 days of 
implantation. The intensity of the inflammatory reaction 
diminished by the 15 th day and this reduction continued 
progressively through the 60th and 120th day, thus 
showing good biocompatibility and confirming the find- 
ings of Zetterqvist et al. (1987, 1988). It had little cytotoxic 
effect on L-929 cells after a setting time of 24 h and 
1 week, respectively, and showed no mutagenic potency 
in the Ames test (Ersev et al. 1999). Ketac-Endo showed 
antibacterial activity to Enterococcus faecalis after 24 h 
with an increased activity after 7 days (Heling & Chand- 
ler 1996). In a study by Leonardo et al. (2000), Ketac-Endo 
was antibacterial to all seven tested bacterial strains. 

Root-end-filling materials 

Presently root-end fillings are explicitly excluded from 
the scope of the ISO technical standards for root-canal- 
filling materials and they have not yet been subjected 
to standardization (unpublished data). 

Gutta-percha 

The use of gutta-percha to fill root-end preparations has 
been described but limited clinical reports on its effec- 
tiveness are available (Reit & Hirsch 1986). Gutta-percha 
with sealer may be cold condensed (Weine & Gerstein 
1976) or chloroform softened (Reit & Hirsch 1986). The 
introduction of thermoplasticized gutta-percha has also 
led to greater investigation into the clinical use of 
gutta-percha for root-end filling (Dawood & Pitt Ford 
1989, Sultan & Pitt Ford 1995). Biocompatibility of 
gutta-percha has been discussed previously. 

Zinc oxide-eugenol 

Zinc oxide-eugenol cements have been recommended 
for root-end fillings by clinicians for many decades (Gar- 
cia 1937, Nicholls 1965). Dorn & Gartner (1990) showed 
that root-end fillings with two versions of zinc oxide- 
eugenol had a significantly higher success rate than with 
amalgam. In a recent series of histological investigations 
(Pitt Ford et al. 1994, 1995 a,b), Super-EBA (Harry J Bos- 
worth Co., Skokie, IL, USA) and IRM (L.D. Caulk Co., Mil- 
ford, DE, USA) were found to be more biocompatible 
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than other formulations of zinc oxide-eugenol. These 
fortified versions also have low solubility (Owadally & 
Pitt Ford 1994), good antibacterial action (Chong et ah 
1994,Torabinejad et al. 1995c) with minimal dye leakage 
(O'Connor et al. 1995). A frequent finding on histological 
examination has been the presence of giant cells on the 
surface of the root-end-filling material (Pitt Ford et al. 
1994, 1995 a, b). However, Pantschev et al. (1994) did not 
support the superiority of root-end filling with fortified 
zinc oxide-eugenol cement (Stailine EBA) over amal- 
gam. 

Polymers 

Diaket (ESPE-Premier, Norristown, PA, USA), mixed to a 
thicker consistency than for use as a root-canal sealer, 
has been advocated as a root-end-filling material (Tetsch 
1986). When used as a root-end filling in the study by 
Williams & Gutmann 1996), the overall healing of the 
periradicular tissues was found to be favourable. 
Furthermore, Walia et al. (1995) demonstrated in a leak- 
age study that Diaket provided a better seal than either 
IRM or EBA in both 1 and 3-mm-deep root-end prepara- 
tions. 

Glass ionomer cements 

When used as a root-end-filling material the antibacter- 
ial effect of glass ionomer cements has been reported as 
variable (DeSchepper et al. 1989, Chong et al. 1994) and 
their sealing ability has been questioned (Pitt Ford & 
Roberts 1990, Chong et al. 1991). However, a favourable 
periapical tissue response has been reported in the 
absence of infection in the root canal (Callis & Santini 
1987, Pitt Ford & Roberts 1990, Zetterqvist et al. 1991). 
Glass ionomers were found to inhibit the growth of gin- 
gival fibroblasts and periodontal ligament cells (Peltola 
et al. 1992, Makkawy et al. 1998). This is especially rele- 
vant when glass ionomers are used as root perforation 
materials and are in contact with the periodontium for 
prolonged periods of time. It has, however, been demon- 
strated that tissue irritation is not a problem after a per- 
iod of time (Kolokuris et al. 1996). 

Amalgam 

Amalgam has been the most widely used root-end-filling 
material for many years (Von Hippel 1914, Block & 
Bushell 1982, Gutmann & Harrison 1985, Friedman 
1991) mainly because dentists are familiar with its hand- 
ling and because it is radiopaque. In recent years, its con- 
tinued use has been questioned for reasons such as 
leakage, biocompatibility, corrosion, staining and over- 
all poor performance (Dorn & Gartner 1990, Pitt Ford 



et al. 1995 a). It has come under increasing criticism 
because of the mercury hazard (Eley & Cox 1993). The tis- 
sue response to amalgam root-end fillings has been 
shown to be unfavourable and associated with inflam- 
mation in short-term studies with time periods ranging 
from2 weeksto5 monthsfollowingplacement(PittFord 
et al. 1994, Torabinejad et al. 1995b, 1997). Histological 
staining for mercury has shown traces of amalgam in 
the tissue some distance from the root-end. These amal- 
gam particles were also associated with inflammation 
(Pitt Ford et al. 1994). In histological studies of root-end 
fillings amalgam has been associated with the most 
severe and extensive inflammation of all materials tested 
including IRM, Super-EBA, Kalzinol (De Trey, Dentsply, 
Konstanz, Germany), Vitrebond (3M, St. Paul, MN, USA), 
and Proroot™ MTA (Dentsply, Konstanz, Germany) (Pitt 
Ford et al. 1994, 1995b, Torabinejad et al. 1995a, 1997, 
Chong et al. 1997). Polymorphonuclear leucocytes 
(PMN) were the predominant cells at the 2-5 -week time 
period and lymphocytes the predominant cells at the 
10-18-week time period (Torabinejad et al. 1995 a). No 
fibrous capsule tissue was seen at either of these time per- 
iods. Torabinejad et al. (1997) sacrificed experimental 
monkeys 5 months after surgery and found that lym- 
phocytes were the predominant inflammatory cell in 
the bulk of the lesions. PMN leucocytes were frequently 
observed close to the amalgam and a fibrous tissue cap- 
sule was present over most amalgam root-end fillings. 
Clinical and radiographic healing of periapical lesions 
following apicectomy and amalgam root-end fillings 
was found to increase from 57% at 1-year recall to 72% 
at later recalls (2-15 years) (Ruder a/. 1972). However, Jes- 
slen et al. (1995) found that the clinical and radiographic 
success rate after the placement of amalgam retrofillings 
decreased from 90% at 1 years to 85% at 5 years, 
although this effect may not have been due solely to 
the amalgam. Overall, studies suggest that amalgam 
shows poor tissue biocompatibility reactions in the short 
term with improvement in biocompatibility over a longer 
observation period. 

Composite resin 

Conventional composite resins contain a polymerizable 
organic matrix, inorganic reinforcing fillers and a 
silane-coupling agent which bridges the organic and 
inorganic components (Ferracane 1995). The organic 
matrix consists of several (co)monomers (e.g. Bis-GMA, 
UDMA, EGDMA, TEGDMA, etc.) and various additives 
which function as (co)initiators, stabilizers or inhibitors. 
Various factors determine the biocompatibility of a 
resin-based material, particularly the amount and 
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nature of leachable components (Geurtsen 2000). All 
organic ingredients of a composite resin are extractable 
by organic solvents after polymerization. A few compo- 
nents are, however, also leached into an aqueous med- 
ium. In particular, considerable amounts of TEGDMA 
may be released into water. Several composite resins 
were also found to liberate formaldehyde into water in 
amounts sufficient to cause local allergic reactions 
(0ysaed et al. 1988, Koch & Staehle 1997). 

Geurtsen et al. (1998) investigated the cytotoxic effects 
of 35 single monomers and additives of composite resins 
in permanent 3T3 cells and primary human oral fibro- 
blasts. Within the groups of (co)monomers and (co)initia- 
tors, high or moderate cytotoxic reactions were 
observed. Proliferation of Streptococcus sobrinus and Lac- 
tobacillus acidophilus was inhibited, promoted or not 
influenced in a dose-dependent manner by single-resin 
components in solid- as well as liquid-phase systems 
(Updegraff et al. 1971, Hansel et al. 1998). Generally, only 
very small amounts of these hydrophobic substances 
are released into an aqueous environment and should 
not have microbial effects. The severely cytotoxic (co)mo- 
nomers EGDMA and TEGDMA significantly promoted 
growth of cariogenic pathogens (Spahl et al. 1998). The 
cytotoxic properties of these (co)monomers together 
with their microbial growth promotion may contribute 
to pulpal injury. It has been reported that methyl metha- 
crylate (MM A) may be teratogenic and can cause adverse 
cardiovascular effects in animals (Phillips et al. 1971, 
Singh et al. 1972, Karlsson et al. 1995). 

Composite resin in combination with a dentine-bond- 
ing agent used for root-end filling in a saucer-type pre- 
paration has achieved good short- and long-term 
healing results in clinical studies (Rud et al. 1991, 
1996a,b). Clinical investigations including patient 
recalls of up to 9 and 12 years after treatment with 
Retroplast 1M (Retroplast Trading, Ronne, Denmark) 
and Gluma (Ri (Bayer AG, Leverkusen, Germany), respec- 
tively, showed complete radiographic bone healing over 
time in a high percentage of cases (Rud et al. 1996b, 
2001). In vivo studies in both monkeys and humans 
comparing the Retroplast and Gluma combination 
revealed the absence of inflammatory cells around the 
root-end filling, with fibroblast and collagen fibres pre- 
sent immediately adjacent to the filling (Rud et al. 
1996a). In many cases, cementum deposition with Shar- 
pey's fibres were found in intimate contact with the 
restoration, suggesting a cementogenesis potential for 
these materials. Unfortunately, absence of complete 
healing has been found in conjunction with poor hae- 
mostatic control during treatment (Rud et al. 1991). 



More recent composite systems support many of the 
ideal characteristics for root-end-filling materials and 
are consequently one of the more common options avail- 
able for root-end filling. Many resin materials are, how- 
ever, not suitable for periradicular use and care must 
be exercised in choosing the right material. 

Mineral trioxide aggregate 

Mineral trioxide aggregate (MTA) has been proposed 
as a compound to seal off the pathway of communi- 
cation between the root-canal system and the 
periapical tissue and has been shown to have less leakage 
than amalgam or zinc oxide-eugenol materials in leak- 
age tests (Torabinejad et al. 1994, 1995 a,b). Other proper- 
ties that have been investigated include antibacterial 
effects (Torabinejad et al. 1995 c), biocompatibility in cell 
culture (Torabinejad et al. 1995d) and when embedded 
in bone (Torabinejad et al. 1995e), its cytotoxicity 
with the agar overlay and radium chromium release 
method (Torabinejad et al. 1995d) and also in histological 
examinations of the periapical area associated with 
root-end fillings in dogs and monkeys (Torabinejad et al. 
1995 a, 1997) and with lateral root perforations in dogs 
(Holland et al. 2001). These tests demonstrated that 
MTA has good biocompatibity. 

The use of MTA as a root-end-filling material in dogs 
and monkeys provided superior results with consider- 
ably less periradicular inflammation compared with 
amalgam and the production of new cementum over 
the root-end filling of all the long-term specimens (Tora- 
binejad et al. 1995 a, 1997). The consistency of response 
has been unparalleled with other materials. Clinical 
reports of five cases indicate that MTA may have clinical 
advantages over other sealers, such as Ca(0H) 2 -based 
materials, in the treatment of severe endodontic pro- 
blems such as root fracture and perforation (Schwartz 
et al. 1999). Histological analysis of the healing of inten- 
tional root perforations repaired with MTA (Holland 
et al. 2001) showed no inflammation, with deposition of 
cementum over MTA in the majority of specimens. All 
the specimens that were restored with Sealapex exhib- 
ited chronic inflammation and only three cases showed 
slight deposition of cementum over the restorative 
material. 

MTA has also been used as a pulp-capping material 
for mechanically exposed pulps (Pitt Ford et al. 1996), 
for root-end induction (Tittle et al. 1996,Witherspoon & 
Ham 2001), repair of root perforation (Lee et al. 1993, 
Pitt Ford et al. 1995c), and as a barrier during internal 
bleaching of endodontically treated teeth (Cummings 
& Torabinejad 1995). 
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Conclusion 

Results from in vitro and in vivo tests show that endodon- 
tic materials possess both beneficial and undesirable 
properties. The latter may pose a threat to health and/ 
or endodontic treatment outcome by causing local or 
systemic adverse effects either through direct contact 
with or leaching of liberated substances into the period- 
ontal tissues and alveolar bone. Biocompatibility is thus 
as important as physical and chemical features when 
selecting a material for endodontic therapy. Only those 
materials that have been proved to have an acceptable 
biocompatibility in a battery of in vitro and in vivo tests 
should be considered for use. 
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